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ABSTRAK
Insulin-like growth factor-1 (IGF-1) adalah salah satu kandidat gen dalam strategi seleksi meng-
gunakan marka DNA (marker assisted selection). Strategi kandidat gen merupakan teknik biologi 
molekuler untuk mengidentifikasi lokus sifat kuantitatif secara langsung, dengan asumsi bahwa 
variasi genetik kandidat gen ini berasosiasi dengan sifat kuantitatif. Penelitian ini dirancang un-
tuk mengidentifikasi adanya mutasi baru pada exon 4 yang dapat menimbulkan polimorfisme gen 
IGF-1 yang mempengaruhi sifat produksi pada sapi bali. Pencarian single nucleotide polymorphism 
(SNPs discovery) dilakukan menggunakan metode “direct sequencing”, sedangkan variasi genetik 
kandidat gen ini diidentifikasi menggunakan teknik “polymerase chain reaction-restriction fragment 
length polymorphism” (PCR-RFLP). Hasil penelitian ini menunjukkan bahwa pada exon 4 gen IGF-1 
ditemukan SNPs baru, yaitu mutasi transisi T/C, yang kemudian dapat identifikasi menggunakan 
enzim restriksi Rsa1. Polimorfisme genotipe IGF-1/Rsa1 memiliki pengaruh yang signifikan terhadap 
bobot lahir, bobot sapih, dan rata-rata pertambahan bobot badan harian sapi bali. Genotipe CC me-
miliki angka bobot lahir, bobot sapih, dan rata-rata pertambahan bobot badan harian berturut-turut: 
15,64±1,83; 83,15±9,00; dan 0,439±0,07 yang lebih tinggi dibandingkan genotipe TT dan CT. Genotipe 
IGF-1/ Rsa1 dapat digunakan sebagai penciri genetik untuk seleksi bobot lahir, bobot sapih, dan 
pertambahan bobot badan harian. 
Kata kunci: gen, mutasi, restriksi, polimorfisme, marka, seleksi
ABSTRACT
Insulin-like growth factor-1 (IGF-1) is one of the gene candidates that can be used in selection 
strategy by using DNA markers (marker assisted selection). Gene candidate strategy is a molecular 
biology techniques to identify quantitative trait loci directly, with the assumption that genetic varia-
tion associated to quantitative trait variation. This study was designed to identify any new mutations 
in exon 4 that can cause the  IGF-1 gene polymorphism and then affect the production traits on Bali 
cattle. Single nucleotide polymorphism (SNP) discovery was conducted by using the direct sequenc-
ing technique. Genetic variation of the genes candidate was identified by using PCR-RFLP technique. 
The results of this study indicate the presence of a new SNP in exon 4 of IGF-1 gene caused by the 
T/C transition, which can be identified using Rsa1 restriction enzyme. Genotypic polymorphism of 
IGF-1/Rsa1 has a significant influence on birth weight, weaning weight and average daily gain of Bali 
cattle. CC genotype had a birth weight rate, weaning weight and average daily gain of: 15.64±1.83; 
83.15±9.00, and 0.439±0.07 respectively, higher than the TT and CT genotype. IGF-1/Rsa1 can be used 
as a genetic marker for selection of birth weight, weaning weight, and daily body weight gain.  
Key words: gene, transition, restriction, polymorphism, markers, selection
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Gene Sequence Location and position
IGF-I F: 5’-CCACTCTAAAGCTAGGCCTCTCTC-3’ R: 5’-GAAGTCTATGAGGGTATGAAT-3’ Exon 4 56127–56470 bp
Table 1. Sequence and position of  the primer
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INTRODUCTION
Insulin-like growth factor-1 (IGF-1) is a polypeptide 
with a molecular weight of 7.5 kDa and consists of 70 
amino acids (Daughaday & Rotwein, 1989). Amino acid 
sequences of IGF-1 is identical in humans, cows, dogs, 
and pigs with the IGF-1 nucleotide sequence is about 
70-90 kb (Shimatsu & Rotwein, 1987; Rose, 2002). In 
cattle, IGF-1 gene is located on chromosome 5 (Miller 
et al., 1991). The number of exon is different between 
species, for example: goat, pigs, and sheep have 1-5 
exon (Mikawa et al., 1995),  human and rats  have 1-5 
(Shimatsu & Rotwein, 1987), while bovine IGF-1 has 6 
exons which is responsible for expressing heterogeneous 
mRNA (Wang et al., 2003).
IGF-1 gene formed two alternative transcripts 
caused by the presence of “splicing” of exon 1 and 
2, namely: transcripts with exon 1 contains 1155 
nucleotides and the exon 2 containing 750 nucleotides. 
Production of both transcripts are controlled by two 
different promoters, each of which contain sequence-
regulator-TATA-box and CCAAT-box. Transcripts of the 
two classes differently expressed in various tissues, and 
most of them in the liver. In all tissues tested in cattle, 
expression of IGF-1 class 1 is higher than transcript 2. 
This suggests that the expression of IGF-1 is arranged in 
two levels of transcription and translation (Wang et al., 
2003). 
The results of the study on some breeds cows 
showed that levels of  IGF-1 in the blood are associated 
with cell proliferation and growth. Levels of IGF-1 
in the blood were significantly higher in Simmental 
cattle than that of Holstein cows, and the differences in 
these levels are associated with growth rate (Sirotkin 
et al., 2000). Barash et al. (1998) also reported that there 
are relationship between IGF-1 levels in the blood and 
the rate of growth in cattle. In contrast, Ge et al. (2001) 
suggested that the correlation between IGF-1 levels in 
the blood and body weight was negative in Angus cattle.
The polymorphisms of nucleotide sequence of IGF-
1 gene in cattle and its relationship with growth rate 
have been widely reported. Kirkpatrick (1992) reported 
the polymorphisms of microsatellite at 5’non coding 
region and SSCP in intron 3. Moody et al. (1996) showed 
that the polymorphisms of microsatellite are associated 
with birth weight, weaning weight and growth rate in 
Hereford cattle. SSCP is also found in the 5’non coding 
region of IGF-1 gene by Ge et al. (1997) in Angus cattle. 
The polymorphisms were identified as RFLP-SnaB1, 
located at regulatory sequences 512 bp from the start 
codon (initiation codon) and known to be caused by 
mutations of the T/C  transition  (Ge et al., 2001). Li et al. 
(2004) found two alleles and three genotypes at position 
472 regulatory sequences. Frequency of A allele (nt T) 
was found to be higher than frequency of allele B (nt C) 
for IGF-1 content in the blood. Curi et al. (2005) studied 
with some Nellore, Canchim and several population 
crosses of cattle  is founded a significant association of 
SNP with body weight and subcutaneous backfat. Due 
to its biological function, the IGF1 gene is considered 
to be a candidate gene for predicting growth traits in 
animal genetic improvement schemes (Machado et al., 
2003; Andrade et al., 2008).
The aim of the study was to determine the effect of 
the IGF-1 gene polymorphism on production traits in 
Balinesse cattle. In addition, we made a search for new 
SNP  in coding regions (exon 4) of the IGF-1 gene. 
MATERIALS AND METHODS
Phenotyping
Two hundred and fifty Bali cattle of 6-7 mo old 
were used in this study. All animals were reared under 
intensive conditions. Thie samples were composed of 
134 males and 116 females. All cattles were raised in 
groups or collective barns. Their feed mainly consisted 
of native grass, introduced grass and rice brand, and 
mineral supplement. 
The avarage of daily gain was measured weekly by 
weighing the cattle for 3 mo period. Secondary data on 
calves birth weight and weaning weight at 6 mo old as 
previously recorded by ACIAR adn JICA was also used 
to complement the quantitative data.
SNP Discovery
DNA genome extraction of two hundred and fifty 
Bali cattle  was carried out using procedures described 
by Sambrook et al. (1989). Amplification was carried 
out following the method previously used by Reyna et 
al. (2010). The PCR reaction volume 25 μl consisted of 
100 ng DNA, 0.5 μM of each primer, 1 × PCR buffer (10 
mM Tris-HCl pH 9.0), 1.5 mM MgCl and 50 mM KCl, 
5% deionized Formamide, 200 μM dNTPs, and 0.25 U 
Taq DNA polymerase (Pharmacia). Amplification was 
performed for 35 cycles in which the first cycle was at 94 
oC for 5 min followed by 33 subsequent cycles of 94 oC 
x 30 sec each, 60 oC x 45 sec, and 72 oC x 90 sec and the 
last cycle at 72 oC for 5 min, using DNA thermal Cycler 
(Perkin Elmer Cetus Corp.). Sequence and position of 
the primer is presented in Table 1.
SNPs identification in the gene fragments were 
conducted by the “direct sequencing method”. Firstly, 
DNA samples (PCR products) were grouped in the form 
of “ DNA Pool” based on the  group of farmers in each 
district. Sequencing of DNA fragment was carried out 
by AB3730xl sequencer machine. Sequence alignment 
was performed using the BioEdit and Mega4 program. 
The alignment of sequences “reverse and forward” 
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were applied  to produce consensus sequences. These 
sequences of each individual were aligned with IGF-1 
sequences from gene bank (acc. no. AF210386) to identify 
the presence of SNPs.
Genotyping of Gene Candidate
Determination of genotypes of each cattle was con-
ducted based on the SNPs that were found on the SNPs 
discovery stage. Genotyping was performed by ampli-
fication of gene fragments containing the SNPs using a 
PCR machine, there after the gene fragments were cut 
using a specific restriction enzyme. The size and number 
of alleles were determined by using agarose gel electro-
phoresis. T allele was the SNP allele with fragment size 
of 203-bp and 142 bp (uncut allele by Rsa1), whereas the 
C allele was SNP with fragment size of 203, 87, and 55 
bp (cut allele by Rsa1).
Statistical Analysis
Genotype and allele frequencies for each polymor-
phism and the differences in the allele frequencies of 
the polymorphisms within and between genetic groups 
were determined by the method of Goodman adapted 
by Curi et al. (2005). For the association studies, the 
traits of interest were analyzed using the general linear 
model (GLM) procedure and the least square means of 
the genotypes were compared by the T-test. The linear 
model used as  follows: 
Yij = μ+Gi+eij 
where Yijk= production trait, μ= overall mean, Gi= fixed 
effect of the IGF-1 genotype, and eij=random error.
RESULTS AND DISCUSSION
SNP Discovery in Exon 4 of IGF-1 Gene
The results of sequence alignment showed that 
there were new mutation in exon 4 of IGF-1 gene (Figure 
1). Mutations in this locus are the transition mutation 
that changes Thymine bases into Cytosin at position 
17 bp. Transition mutation is a mutation of thymine to 
cytosine base substitution or otherwise, cytosine bases 
with thymine. The point mutations changed the amino 
acid sequence of IGF-1 in which methionine (AUG) 
changed to threonine (ACG). These mutations can be 
identified using restriction enzyme Rsa1 (Figure 2). 
The digestion using Rsa1 produces two alleles, namely 
T and C alleles. T allele which is not being cut by Rsa1, 
produced two DNA fragments: 203-bp and 142 bp, while 
C allele which is being cut by Rsa1, produced three DNA 
fragments: 203, 87, and 55 bp. The digestion of the IGF-1 
locus occurred because of mutations that cause Rsa1 
enzyme recognized the sequence (GT ↓ AC)  as the site 
of cutting.
The IGF-1 SNP has been studied in various cattle 
breeds, including dairy and beef breeds. Reyna et al. 
(2010) found five new SNPs in the IGF-1 gene from 
the Charolais and Beefmaster breeds: two transitions 
in 5’UTR, one indel in intron 2, one transition and one 
transversion in intron 4. Mullen et al. (2011) reported 9 
new SNP in 5’promotor region, intron and 3’regulatory 
region of IGF-1 gene from beef and dairy cattle. Some 
of the SNPs was reported in association with beef and 
dairy production traits.
Figure 1. Sequence alignment exon 4 of IGF-1 gene
Figure 2. Allelic polymorphism of IGF-1/Rsa1 locii
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Genotipe N
Avarage 
Birth weight 
(kg)
Weaning 
weight (kg)
Avarage daily 
gain (kg/day)
CC 148 15.64±1.83a 83.15±  9.00a 0.439±0.07a
CT 15 14.23±1.03b 77.47±11.37b 0.356±0.05b
TT 21 14.00±1.84b 75.81±  6.35b 0.323±0.02c
Note: Means in the same column with different superscript differ signifi-
cantly at  (P<0.05) and (P<0.01).
Table 4. Birth weight, weaning weight and avarage daily gain in 
balinesse cattle base on genotype of IGF-1 gene
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Allelic and Genotypic Frequencies of the IGF-1/Rsa1 
Gene in Balinesse cattle
There are contrasting allelic frequencies distribu-
tions between T and C allele in IGF-1 gene of Balinesse 
cattle. The frequency of C allele was higher than the 
frequency of T allele, the frequencies were 0.836 and 
0.164 respectively (Table 2). Reyna et al. (2010) reported 
that the T/C transition in intron 4 produced T and C al-
lele with the contrasting allelic frequencies. The allelic 
frequencies distribution of C allele was relatively higher 
than the T allele, i.e. 0.70 and 0.30 in Beefmaster cattle 
and 0.52 and 0.48 in Charolais cattle. T/C transition in 
the promoter region (SNP IGF-1/SnaB1) was equal to the 
T/C transition in intron 4 in which the frequency of C 
allele was higher than T allele. The frequency of C allele 
was 0.97 in Beefmaster cattle and 0.74 in Charolais cattle. 
According to Curi et al. (2005), the C allele is a charac-
teristic of Bos indicus cattle because of the existence of a 
highly conservative C allele in Nellore cattle population. 
Using RFLP-RsaI, 250 Balinesse cattle were geno-
typed at T/C polymorphism. The following genotype 
frequency was estimated: TT–0.136, CT–0.080, and 
CC–0.784. The X2 test showed that the genotype distri-
butions of  exon 4 IGF-1 gene were in disagreement with 
Hardy-Weinberg equilibrium in balinesse cattle. The 
genotype frequencies at polymorphic loci of exon 4 IGF-
1 gene showed a highly significant difference (P<0.01).
Data in Table 3 show the results of genetic index 
measurements in Bali cattle population. Expectations 
of heterozygosity values has an important meaning to 
describe the description about the genetic variability 
(Marson et al., 2005). Based on this data, the observation 
value of heterozygosity was 0.080 lower than the expec-
tation value of heterozygosity. This was an indicator of 
genotypic imbalance in the population where genotype 
heterozygote frequencies was lower than Hardy–
Weinberg expectation agreement. This was due to inten-
sive selection (Tambasco et al., 2003) and the possibility 
of marriage within the group as endogamy (Machado 
et al., 2003). In this study, the genotype imbalance was 
caused by the tendency of genotype accumulation as a 
result of intensive selection process. This might also be 
explained because the present was conducted on groups 
of intensive commercial farms.
Ne values (1.408) illustrates that the IGF-1 gene al-
leles in the population have very different frequencies 
in which one allele is dominant allele frequencie. Based 
on the classification of the PIC (PIC≤0.25 low poly-
morphism, 0.25≤PIC≤0.5 medium polymorphism, and 
PIC≥0.5 high polymorphism), IGF-1 gene polymorphism 
in Balinesse cattle population is at the medium level. PIC 
value of 0.25, indicated that the genetic diversity within 
populations was not very high.  Zulkharnaim et al. (2010) 
also reported that Bali cattle had a low genetic diversity 
at GHR/Alu1 loci in exon 10 of GHR gene.
Association of IGF-1 Gene Polymorphism with 
Production Traits
The results of association analysis between the 
IGF-1 gene genotype and birth weight, weaning weight 
and avarage daily gain in Balinesse cattle is presented 
in Table 4. The genotype of IGF-1 gene affected (P<0.01) 
birth weight, weaning weight and average daily gain in 
Balinesse cattle.
CC genotype had a significant effect (P<0.01) on 
birth weight, weaning weight and average daily gain 
compared with the CT and TT genotypes. No significant 
differences in birth weight and weaning weight were 
observed in the CT and TT genotypes, however the 
average daily gain was differed significantly (P<0.05). C 
allele gave a dominant effect on birth weight, weaning 
weight and average daily gain in Balinesse cattle. Ge et 
al. (2001) reported that the BB genotype (nucleotide C) 
and AB genotype had a higher weaning weight and 
Note: Superscript **  = P<0.01; HWE= Hardy-Weinberg Equilibrium.
Gene N
Allelic frequencies Genotypic observation and genotypic  frequencies X2(HWE)
C T CC CT TT
IGF-1 250 0.824 0.176 196/ 0.784 20/ 0.080 34/ 0.136 131.11**
Table 2. Allelic and genotypic frequencies of the IGF-1/Rsa1 gene in Balinesse cattle
GENE Ho He se Ne PIC
IGF-1 0.080 0.290 0.0249 1.408 0.25
Table 3. Genetic indexes measurement in Bali cattle population
Note: Ho= observation of heterozygosity; He= expectations of heterozy-
gosity; Ne= effective allele number; PIC= polymorphic informa-
tion contents; se= standard error.
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lower serum IGF-1 concentration in the blood (P<0.05) 
than AA genotype (T nucleotides) as well. The B allele 
(nucleotide C) had more dominant effect than the A 
allele (T nucleotides) (P<0.01) as previously reported in 
Angus cattle (Ge et al., 2001; Islam et al. 2009), Nellore 
cows, Canchim, Simmental x Angus and Angus x 
Nellore (Curi et al., 2005), Holstein Friesian (Siadkowska 
et al., 2006), and the Mexican Charolais cattle (Reyna et 
al., 2010).
A polymorphism in exon 4 of IGF-1 gene associated 
directly with birth weight, weaning weight and avarage 
daily gain in Bali cattle. IGF-1 plays an important role on 
the growth of many tissues and has been shown to ac-
tivate mitogenic proliferation and myogenic differentia-
tion in skeletal muscle (Lee, 2003). IGF-1 stimulate both 
satellite cell proliferation and fusion in primary satellite 
cell culture and to increase myonucleus number and 
myofiber size in tissue. Therefore, IGF-1 mediates the 
hypertrophy response via activation of satellites cells. 
IGF-1 is also crucial for mammary gland growth and 
function by regulating several cellular processes (Akers, 
2006).
The action of IGF-1 are regulated by IGF-1 receptor 
and IGFBPs. IGF-1 binds to receptor located in the cell 
membrane and sends a signal to various cytoplasmic 
substrates. IGF-1 receptor interacts with intermediate 
signaling protein, insulin receptor substrate and Src 
homology containing protein (Shc), changes transcrip-
tion and translation via mitogen activate protein kinase. 
IGF-1 also binds to varous binding proteins (IGFBP) to 
extend its half-life and modulate its binding affinity and 
transport across vascular barriers (Lee, 2003).  
The results on goats, the T/C transition located in 
exon 4 IGF-1 gene. This SNP significanly affected goat 
production traits. At the exon 4 IGF-1 gene, there were 
two novel mutations detected in the three breed of 
indigenous goat: China Xinjiang local goat, cashmere 
and Nanjiang Bogeda Cashmere. These mutations were 
the transition of T/C and A/G. These mutation caused the 
polymorphism of IGF-1 gene and showed a significant 
association with goat production traits (Qiong et al., 
2011; Jun et al., 2010).
IGF-1 gene SNPs in the promoter region, UTR, 
exon and intron have been reported in various breed of 
cattle, including dairy and beef cattle. In the promoter 
region, there were two polymorphism, i.e. microsatellite 
CAn (Kirkpatrick, 1992) and the T/C transition, known 
as SNPs IGF-1/SnaB1 (Ge et al., 2001). In exon 1, the T/C 
transition in IGF-I gene showed a significant association 
(P<0.05) with weight at 3 mo old (W3), and AB genotype 
had higher W3 than BB genotype in Korean cattle 
(Hanwoo) (Chung & Kim, 2005). Reyna et al. (2010) 
found five mutations that located in the IGF-1 gene from 
the Charolais and Beefmaster breeds: two transitions 
in 5’UTR, one indel in intron 2, one transition and one 
transversion in intron 4.
CONCLUSION
The T/C transition resulted in three genotypes 
SNP (TT, CT, and CC) and two alleles (T and C). 
Polymorphism of IGF-1/Rsa1 genotype had a significant 
effect on birth weight, weaning weight, and average 
daily gain for Balinesse cattle. CC genotype had a birth 
weight rate, weaning weight, and average daily gain that 
were higher than in the TT and CT genotype. IGF-1/Rsa1 
can be used as a genetic marker for selection of birth 
weight, weaning weight, and daily body weight gain.
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